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(54) DRIVER ALERTNESS MONITORING INCLUDING A PREDICTIVE SLEEP RISK FACTOR

(567)  Alertness monitoring for vehicle driver which
takes into account also the sleepiness of passengers in
the vehicle, their number and their location in the vehicle
(front or rear seat) to calculate the likelihood that the driv-
er is becoming drowsy.

An alertness detectoris configured to detectan alert-
ness condition of a driver of a vehicle and an alertness
condition of a passenger in the vehicle. A controller is

configured to determine a sleep risk factor based on the
alertness condition of the passenger. The controller is
also configured to determine a likelihood that the driver
is sleepy based on the alertness condition of the driver
and the sleep risk factor. The controller is configured to
control a feature of the vehicle to assist the driver when
the determined likelihood satisfies a predetermined cri-
terion.
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Description
BACKGROUND

[0001] Contemporary passenger vehicles include a variety of electronic components. Advances in technology have
made it possible to include a variety of sensing and control features. For example, driver monitoring systems are capable
of detecting when a driver is drowsy or asleep. Such systems often include a camera that provides image information
regarding the driver’s eyes. A computing device uses an algorithm to process the image information to make a deter-
mination regarding the driver’s alertness or attention on the road. For example, if the image information indicates that
the driver’s eyes are frequently closing or the direction of the driver’s gaze is not on the road in front of the vehicle, the
system may determine that the driver is drowsy. Some such systems provide an alert to the driver under such circum-
stances.

[0002] One limitation of such systems is that they do not have predictive capability. Another shortcoming is that the
determination of the driver’s alertness is often based only on information regarding the driver’'s gaze.

SUMMARY

[0003] Anillustrative example system includes at least one alertness detector that is configured to detect an alertness
condition of a driver of a vehicle and an alertness condition of a passenger in the vehicle. A controller is configured to
determine a sleep risk factor based on the alertness condition of the passenger. The controller is also configured to
determine a likelihood that the driver is sleepy based on the alertness condition of the driver and the sleep risk factor.
The controller is configured to control a feature of the vehicle to assist the driver when the determined likelihood satisfies
a predetermined criterion.

[0004] In an example embodiment having at least one feature of the system of the previous paragraph, the controller
is configured to determine the sleep risk factor based on the alertness condition of the passenger and at least one other
condition.

[0005] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the at
least one other condition is based on at least one of a number of passengers in the vehicle, a location of the passenger
in the vehicle, time information, and information regarding a road the vehicle is traveling on.

[0006] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the at
least one other condition is the number of passengers in the vehicle, the controller is configured to determine an alertness
condition of each of the passengers, and the controller is configured to alter a significance of the at least one other
condition for determining the sleep risk factor based on the number of the passengers that are drowsy or asleep.
[0007] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the
controller is configured to assign a first significance when a first number of passengers is asleep or drowsy, and assign
a second significance when a second number of passengers is asleep or drowsy; the second number of passengers is
higher than the first number of passengers; and the second significance is greater than the first significance.

[0008] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the at
least one other condition is the location of the passenger in the vehicle, the controller is configured to assign a first a
significance of the at least one other condition for determining the sleep risk factor when the passenger is in a front seat
of the vehicle, the controller is configured to assign a second a significance of the at least one other condition for
determining the sleep risk factor when the passenger is in a rear seat of the vehicle, and the first significance is greater
than the second significance.

[0009] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the at
least one other condition is the time information, the time information includes an amount of time the driver has been
driving the vehicle, the time information includes a time of day when the likelihood is being determined, and the controller
is configured to alter a significance of the at least one other condition for determining the sleep risk factor based on the
amount of time the driver has been driving and the time of day.

[0010] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the at
least one other condition is the information regarding the road the vehicle is traveling on, the information indicates a
type of the road, the information indicates a location of the vehicle, the information indicates a traffic condition of the
road in a vicinity of the vehicle, and the controller is configured to alter a significance of the at least one other condition
for determining the sleep risk factor based on the type of the road, the location of the vehicle and the traffic condition.
[0011] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the
controller is configured to determine the sleep risk factor based on a combination of respective values assigned by the
controller to a passenger alertness factor, a time factor, and a road factor.

[0012] In an example embodiment having at least one feature of the system of any of the previous paragraphs, the
controller is configured to: determine the respective value of the passenger alertness factor based on the determined
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alertness condition of the passenger, a location of the passenger in the vehicle, and a number of passengers in the
vehicle; determine the respective value of the time factor based on an amount of time the driver has been driving the
vehicle and a time of day when the sleep risk factor is being determined; and determine the respective value of the road
factor based on a type of road the vehicle is traveling along, a location of the vehicle, and a traffic condition in a vicinity
of the vehicle.

[0013] Anillustrative example method of monitoring a driver includes detecting an alertness condition of a driver of a
vehicle and an alertness condition of a passenger in the vehicle; determining a sleep risk factor based on the alertness
condition of the passenger; determining a likelihood that the driver is sleepy based on the alertness condition of the
driver and the sleep risk factor; and controlling a feature of the vehicle to assist the driver when the determined likelihood
satisfies a predetermined criterion.

[0014] In an example embodiment having at least one feature of the method of any of the previous paragraphs,
determining the sleep risk factor is based on the alertness condition of the passenger and at least one other condition.
[0015] In an example embodiment having at least one feature of the method of any of the previous paragraphs, the
at least one other condition is based on at least one of a number of passengers in the vehicle, a location of the passenger
in the vehicle, time information, and information regarding a road the vehicle is traveling on.

[0016] In an example embodiment having at least one feature of the method of any of the previous paragraphs, the
at least one other condition is the number of passengers in the vehicle and the method comprises determining an
alertness condition of each of the passengers, and altering a significance of the at least one other condition for determining
the sleep risk factor based on the number of the passengers that are drowsy or asleep.

[0017] An example embodiment having at least one feature of the method of any of the previous paragraphs includes
assigning a first significance when a first number of passengers is asleep or drowsy, and assigning a second significance
when a second number of passengers is asleep or drowsy; wherein the second number of passengers is higher than
the first number of passengers, and the second significance is greater than the first significance.

[0018] In an example embodiment having at least one feature of the method of any of the previous paragraphs, the
at least one other condition is the location of the passenger in the vehicle and the method comprises assigning a first a
significance of the at least one other condition for determining the sleep risk factor when the passenger is in a front seat
of the vehicle, and assigning a second a significance of the at least one other condition for determining the sleep risk
factor when the passenger is in a rear seat of the vehicle, wherein the first significance is greater than the second
significance.

[0019] In an example embodiment having at least one feature of the method of any of the previous paragraphs, the
at least one other condition is the time information, the time information includes an amount of time the driver has been
driving the vehicle, the time information includes a time of day when the likelihood is being determined, and the method
comprises altering a significance of the at least one other condition for determining the sleep risk factor based on the
amount of time the driver has been driving and the time of day.

[0020] In an example embodiment having at least one feature of the method of any of the previous paragraphs, the
at least one other condition is the information regarding the road the vehicle is traveling on, the information indicates a
type of the road, the information indicates a location of the vehicle, the information indicates a traffic condition of the
road in a vicinity of the vehicle, and the method comprises altering a significance of the at least one other condition for
determining the sleep risk factor based on the type of the road, the location of the vehicle and the traffic condition.
[0021] In an example embodiment having at least one feature of the method of any of the previous paragraphs,
determining the sleep risk factor is based on a combination of respective values assigned by the controller to a passenger
alertness factor, a time factor, and a road factor.

[0022] Anexample embodiment having at least one feature of the method of any of the previous paragraphs includes:
determining the respective value of the passenger alertness factor based on the determined alertness condition of the
passenger, a location of the passenger in the vehicle, and a number of passengers in the vehicle; determining the
respective value of the time factor based on an amount of time the driver has been driving the vehicle and a time of day
when the sleep risk factor is being determined; and determining the respective value of the road factor based on a type
of road the vehicle is traveling along, a location of the vehicle, and a traffic condition in a vicinity of the vehicle.

[0023] The various features and advantages of at least one disclosed example embodiment will become apparent to
those skilled in the art from the following detailed description. The drawings that accompany the detailed description
can be briefly described as follows.

BRIEF DESCRIPTION OF THE DRAWINGS
[0024]

Figure 1 diagrammatically illustrates selected portions of a vehicle including a driver monitor system designed
according to an embodiment of this invention.
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Figure 2 is a flowchart diagram summarizing an example process of monitoring a driver of a vehicle.
DETAILED DESCRIPTION

[0025] Figure 1 diagrammatically illustrates selected portions of an interior of a vehicle 20. In this example embodiment,
a driver alertness detector 22 has a field of view 24 directed toward a driver’s seat 26. The driver alertness detector 22
is situated to observe at least one characteristic of a driver (not illustrated) seated in the driver's seat 26. In some
examples, the driver alertness detector 22 includes a camera that provides image information regarding the driver’s
eyes, such as whether they are closed and whether the driver’s gaze is directed toward the road in front of the vehicle 20.
[0026] A passenger alertness detector 28 has a field of view 30 directed toward a front passenger seat 32 next to the
driver’s seat 26. The passenger alertness detector 28 in the illustrated example includes a camera that provides image
information regarding an individual seated in the front passenger seat 32. For example, the passenger alertness detector
28 provides information regarding the passenger’s face, which can be used to determine whether the passenger is
drowsy or sleeping.

[0027] Additional alertness detectors 34 each include a field of view 36 for observing a passenger located in a rear
passenger seat 38. The alertness monitors 34 provide information regarding whether a passenger in the seat 38 is
drowsy or asleep, for example.

[0028] While the illustrated embodiment includes multiple alertness detectors 22, 28 and 34, some embodiments
include a single detector that is capable of providing information regarding an individual in more than one of the seats
26, 32 and 38. Given this description, those skilled in the art will be able to select an arrange appropriate detector
components to meet the needs of their particular situation.

[0029] A controller 40 receives information from the alertness detectors 22, 28 and 34 regarding the alertness condition
of the driver and any passenger in the vehicle 20. The controller 40 is configured to predictively determine a likelihood
that the driver is sleepy or asleep based on the information from the alertness detectors regarding the driver and at least
one passenger in the vehicle 20.

[0030] Figure 2 includes a flowchart diagram 50 that summarizes an example approach. At 52, the controller 40
determines an alertness condition of the driver and any passenger in the vehicle 20. The alertness condition is based
on information, such as image data, from the alertness detectors 22, 28 and 34. For example, the alertness condition
of the driver is determined based upon image information regarding the driver’'s eyes and a direction of the driver's gaze.
Otherinformationregarding a posture of the driver and a tilt of the driver’s head may be used. Some example embodiments
include a known algorithm for processing image information regarding a driver’s face to determine an alertness condition
of the driver.

[0031] The controller 40 uses the same or similar techniques for determining the alertness condition of a passenger.
The controller 40 also determines a location of each passenger in the vehicle 20, such as whether a passenger is in the
front passenger seat 32 or rear passenger seat 38.

[0032] At54,the controller 40 determines a sleep risk factor based on the alertness condition of atleast one passenger.
If there is more than one passenger in the vehicle, then the sleep risk factor is based on the alertness condition of more
than one of the passengers. In some embodiments, the alertness condition of every passenger is taken into account by
the controller 40 when determining the sleep risk factor at 54.

[0033] The sleep risk factor determined by the controller 40 allows the controller 40 to determine a likelihood that the
driver is sleepy in a predictive manner because the sleep risk factor corresponds to conditions or situations within the
vehicle 20 that have an influence on predicting whether a driver might fall asleep.

[0034] Determining the sleep risk factor at 54 is based on at least the alertness condition of at least one passenger
within the vehicle 20. In the illustrated example embodiment, the sleep risk factor is a weighted summation of the alertness
condition of the passenger and at least one other condition. Example conditions that are taken into account by the
controller 40 in combination with the alertness condition of any passengers include a number of passenger in the vehicle,
a location of the passengers in the vehicle, time information, and information regarding a road the vehicle is traveling
on. The information regarding the road includes location or map information and trafficinformation in some embodiments.
[0035] The controller 40 determines the sleep risk factor using a weighted sum of passenger information, time infor-
mation, map information and traffic information using the following relationship:

S]eepﬂSkfaclor =ax (Infopassenger) + b (InfOTime) o (InfOMap) +d* (InfOTrafﬁc)

where, a, b, ¢, and d are weighting factors and a + b + ¢ + d = 1. The weighting factors a, b, ¢ and d may be predetermined
constants or may be adjusted dynamically by the controller 40 depending upon the particular condition at the time when
the controller 40 is determining the sleep risk factor. For example, when the number of passengers in the vehicle is a
condition contributing to the sleep risk factor, the controller is configured to determine an alertness condition of each of
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the passengers and to alter a significance of that condition for determining the sleep risk factor based on the number of
the passengers that are drowsy or asleep. When more than one other individual in a vehicle is asleep or drowsy, there
is an increased chance that the driver will become sleepy.

[0036] In embodiments that include dynamically adjustable weighting factors, the sleep risk factor will increase based
on anincreased value of Info,,senger PECaUse of an increased number of sleepy or drowsy passengers and the influence
or significance of that number will increase as the weighting factor aincreases. For example, the controller 40 is configured
to assign a first weight or significance to the weighting factor a when a first number of passengers is asleep or drowsy
and assign a second, greater significance when a second, higher number of passengers is asleep or drowsy. In other
words, the controller 40 in such embodiments is configured to increase the value of the sleep risk factor when an increased
number of passengers in the vehicle 20 is asleep or drowsy by more than just the increase in the value of Info,assenger-
[0037] In an example embodiment, the controller 40 utilizes information regarding the number of passengers that are
drowsy or asleep and the seating location of each. In some embodiments, the controller 40 also uses information
regarding an amount of time that any of the passengers has been asleep or drowsy. In such embodiments, the controller

40 uses a relationship such as:

Infopassenger = @1 * seatingposition + a2 * Sle€€Pduration + a3 * sleepingnumver

for determining the value of Info;¢5nger Used for the sleep risk factor. The values of a4, a, and a3 are individual weighting
factors for each of the values that contribute to Info,,5enger- Those individual weighting factors may vary to place differing
weights on the different information contributing to Info,,ssenger- The values of a4, a, and a3 may be adjusted similarly
to how the value of the weighting factor a is adjusted as described above, such as increasing when the corresponding
characteristic of the passenger(s) increases in value. In some embodiments, a4, a, and a5 are predetermined constants.
[0038] The example controller 40 is also configured to take into account the location of a passenger in the vehicle.
When the passenger is in the front passenger seat 32, the controller assigns a first significance a4 to the passenger
location information, which is seating,,.jion i the preceding equation. If the passenger is in the rear passenger seat 38,
the controller assigns a second significance a, to that condition. When a passenger in the front passenger seat 32 is
asleep or drowsy, that has a different effect on the likelihood that the driver may be sleepy and the different significances
assigned by the controller 40 take that into account.

[0039] The weighting factor b may increase as the time of day becomes later so that the time information has a higher
influence on the sleep risk factor at night compared to during the day.

[0040] The time information utilized by the controller 40 in this example embodiment includes information such as the
time of day, the amount of time that the driver has been driving and the duration of recent trips taken by the driver. The
controller 40 may use the following relationship for determining the time information:

Inforime = b * Timedrivin g T by * Timegration + by *

historyprevioustripSayration.

where b4, b, and b are weights or significance values that may be predetermined or adjusted by the controller 40.
[0041] For example, when a driver has been driving for multiple hours during the night, that contributes to a higher
likelihood that the driver is sleepy compared to a driver that has been driving for less time and during the afternoon.
[0042] Information regarding the road, such as the location of the vehicle, contributes to the potential fatigue level of
the driver. For example, when a driver is driving along a highway there tends to be a higher likelihood that the driver
may become drowsy compared to when a driver is in an urban location driving along city streets. Traffic information also
is useful for determining a likelihood whether a driver is sleepy. Heavier traffic conditions typically require a higher level
of alertness and a driver tends to be less relaxed compared to situations in which there is very light or relatively no traffic.
The controller 40 takes such information into account in the illustrated example embodiment.

[0043] The weighting factors a, b, ¢, and d and the individual weighting factors a4, a,, as, b4, b, and bs also may vary
independently of changes to the corresponding or related values. In some embodiments, the weighting factors are
adjusted based on other selected criteria. The weighting factors allow for adjusting the sleep risk factor in a customized
or enhanced manner than just simply increasing a number of sleeping passengers or number of hours that the driver
has been driving.

[0044] At 56, the controller 40 determines a likelihood that the driver is sleepy based on the alertness condition of the
driver and the sleep risk factor. The likelihood that the driver is sleepy accounts for a driver that is asleep, drowsy or
falling asleep. For example, if the driver alertness condition corresponds to the driver not being fully awake or not being
fully attentive to driving, the alertness condition of the driver suggests a likelihood that the driver is sleepy. When the
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sleep risk factor corresponds to conditions indicating a higher risk that the driver may be sleepy, there is a higher likelihood
that the driver is sleepy. On the other hand, if the driver alertness condition corresponds to the driver being fully alert
and awake, the likelihood that the driver is sleepy will be less even though the sleep risk factor may be relatively high
based upon the condition of the passengers.

[0045] At 58, the controller 40 controls at least one vehicle feature to assist the driver when there is a likelihood that
the driver is sleepy that satisfies at least one predetermined criterion. Vehicle features that may be controlled include,
for example, turning on or brightening lights within the cabin of the vehicle 20, providing an audible or tactile alert and
increasing the volume of any infotainment that may be active within the vehicle 20. Other vehicle features that are
controlled in some embodiments include automated vehicle maneuvers, such as slowing down the vehicle and auto-
matically maneuvering the vehicle onto a shoulder of the road where the vehicle is automatically stopped. Various
combinations of vehicle features may be controlled in response to a determination that there is a high likelihood that the
driver is sleepy.

[0046] The controller 40 takes information into account including the alertness condition of at least one passenger in
the vehicle for determining the sleep risk factor that allows for predictively determining a likelihood that the driver is
sleeping. Using information apart from the alertness condition of the driver provides improved driver alertness determi-
nations and allows for predicting potential sleep conditions.

[0047] The preceding description is exemplary rather than limiting in nature. Variations and modifications to the dis-
closed examples may become apparent to those skilled in the art that do not necessarily depart from the essence of
thisinvention. The scope of legal protection given to this invention can only be determined by studying the following claims.

Claims
1. A driver monitoring system, comprising:

at least one alertness detector (22, 28, 34) configured to detect an alertness condition of a driver of a vehicle
(20) and an alertness condition of a passenger in the vehicle (20); and

a controller (40) configured to

determine a sleep risk factor based on the alertness condition of the passenger,

determine a likelihood that the driver is sleepy based on the alertness condition of the driver and the sleep risk
factor, and

control a feature of the vehicle (20) to assist the driver when the determined likelihood satisfies a predetermined
criterion.

2. The system of claim 1, wherein
the controller (40) is configured to determine the sleep risk factor based on the alertness condition of the passenger
and at least one other condition, and
the at least one other condition is based on at least one of

a number of passengers in the vehicle (20),

a location of the passenger in the vehicle (20),

time information, and

information regarding a road the vehicle (20) is traveling on.

3. The system of claim 2, wherein
the at least one other condition is the number of passengers in the vehicle (20),
the controller (40) is configured to determine an alertness condition of each of the passengers, and
the controller (40) is configured to alter a significance of the at least one other condition for determining the sleep
risk factor based on the number of the passengers that are drowsy or asleep.

4. The system of claim 3, wherein
the controller (40) is configured to

assign a first significance when a first number of passengers is asleep or drowsy, and
assign a second significance when a second number of passengers is asleep or drowsy;

the second number of passengers is higher than the first number of passengers; and
the second significance is greater than the first significance.
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The system of claim 2, wherein

the at least one other condition is the location of the passenger in the vehicle (20),

the controller (40) is configured to assign a first a significance of the at least one other condition for determining the
sleep risk factor when the passenger is in a front seat of the vehicle (20),

the controller (40) is configured to assign a second a significance of the at least one other condition for determining
the sleep risk factor when the passenger is in a rear seat of the vehicle (20), and

the first significance is greater than the second significance.

The system of any of the preceding claims, wherein the controller (40) is configured to determine the sleep risk
factor based on a combination of respective values assigned by the controller (40) to a passenger alertness factor,
a time factor, and a road factor.

The system of claim 6, wherein the controller (40) is configured to
determine the respective value of the passenger alertness factor based on

the determined alertness condition of the passenger,
a location of the passenger in the vehicle (20), and
a number of passengers in the vehicle (20);

determine the respective value of the time factor based on

an amount of time the driver has been driving the vehicle (20) and
a time of day when the sleep risk factor is being determined; and

determine the respective value of the road factor based on

a type of road the vehicle (20) is traveling along,
a location of the vehicle (20), and
a traffic condition in a vicinity of the vehicle (20).

A method of monitoring a driver, the method comprising:

detecting an alertness condition of a driver of a vehicle (20) and an alertness condition of a passenger in the
vehicle (20);

determining a sleep risk factor based on the alertness condition of the passenger;

determining a likelihood that the driver is sleepy based on the alertness condition of the driver and the sleep
risk factor; and

controlling a feature of the vehicle (20) to assist the driver when the determined likelihood satisfies a predeter-
mined criterion.

The method of claim 8, wherein determining the sleep risk factor is based on the alertness condition of the passenger
and at least one other condition.

The method of claim 9, wherein the at least one other condition is based on at least one of
a number of passengers in the vehicle (20),

a location of the passenger in the vehicle (20),

time information, and

information regarding a road the vehicle (20) is traveling on.

The method of claim 10, wherein the at least one other condition is the number of passengers in the vehicle (20)
and the method comprises

determining an alertness condition of each of the passengers, and

altering a significance of the at least one other condition for determining the sleep risk factor based on the number
of the passengers that are drowsy or asleep.

The method of claim 11, comprising
assigning a first significance when a first number of passengers is asleep or drowsy, and
assigning a second significance when a second number of passengers is asleep or drowsy;
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wherein
the second number of passengers is higher than the first number of passengers, and
the second significance is greater than the first significance.

13. The method of any of claims 10 - 12, wherein the at least one other condition is the location of the passenger in the
vehicle (20) and the method comprises
assigning a first a significance of the at least one other condition for determining the sleep risk factor when the
passenger is in a front seat of the vehicle (20), and
assigning a second a significance of the at least one other condition for determining the sleep risk factor when the
passenger is in a rear seat of the vehicle (20),
wherein the first significance is greater than the second significance.

14. The method of claim 8, wherein determining the sleep risk factor is based on a combination of respective values
assigned by the controller (40) to a passenger alertness factor, a time factor, and a road factor.

15. The method of claim 14, comprising:
determining the respective value of the passenger alertness factor based on
the determined alertness condition of the passenger,
a location of the passenger in the vehicle (20), and
a number of passengers in the vehicle (20);

determining the respective value of the time factor based on

an amount of time the driver has been driving the vehicle (20) and
a time of day when the sleep risk factor is being determined; and

determining the respective value of the road factor based on
a type of road the vehicle (20) is traveling along,

a location of the vehicle (20), and
a traffic condition in a vicinity of the vehicle (20).



EP 3 886 069 A1

SN

AN

I DOld

ct
ot

A —

e

H3TIOHINOOD

> 7(0

{

14>

8¢t
ot




50\

EP 3 886 069 A1

/‘52

DETERMINE ALERTNESS CONDITION
OF DRIVER AND PASSENGER

|

/—54

DETERMINE SLEEP RISK FACTOR BASED ON
ALERTNESS CONDITION OF PASSENGER

|

/‘56

DETERMINE LIKELIHOOD THAT DRIVER IS
SLEEPY BASED ON ALERTNESS CONDITION

OF THE DRIVER AND THE SLEEP RISK FACTOR

|

/‘58

CONTROL VEHICLE FEATURE TO ASSIST
DRIVER WHEN LIKELIHOOD SATISFIES
PREDETERMINED CRITERION

FIG. 2

10



10

15

20

25

30

35

40

45

50

55

EP 3 886 069 A1

Européisches
Patentamt
European
Patent Office
Office européen

des brevets

EPO FORM 1503 03.82 (P04C01) PN

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT

Application Number

EP 21 15 6287

Category Citation of document with indication, where appropriate,

of relevant passages

Relevant
to claim

CLASSIFICATION OF THE
APPLICATION (IPC)

X

US 2018/319279 Al (IKEDA KUMIKO [JP] ET
AL) 8 November 2018 (2018-11-08)

* paragraphs [0001], [0008] - [0010],
[0019] - [0065], [0068], [0078],

[0084], [0088] - [0096], [0114]; figures
1,4 *

WO 2018/146266 Al (KONINKLIJKE PHILIPS NV
[NL]) 16 August 2018 (2018-08-16)

* paragraphs [0002] - [0005], [0010],
[06012], [0013], [0023] - [0024], [0026]
- [0028], [06033] - [0035], [0064] -
[0072]; figures 1,4,6 *

US 9 988 055 B1 (O'FLAHERTY SETH [US] ET
AL) 5 June 2018 (2018-06-05)

* column 1, lines 13-26 *

* column 4, Tine 23 - column 6, line 7;
figure 1 *

* column 7, line 23 - column 11, line 12;
figure 2 *

* column 13, Tine 15 - column 15, line 60;
figure 4 *

* column 17, line 60 - column 18, line 50;
figure 6 *

US 2010/219955 A1 (DEMIRDJIAN DAVID [US]
ET AL) 2 September 2010 (2010-09-02)

* paragraphs [0002], [0005], [0010],
[0011], [0021] - [0037]; figures 1-4 *

* paragraphs [0045] - [0046]; figure 7 *
US 2020/086891 Al (MAENG JICHAN [KR])

19 March 2020 (2020-03-19)

* paragraphs [0004], [0007], [0210] -
[6215], [0231], [0235] *

The present search report has been drawn up for all claims

1,2,6,
8-10,14

INV.
GO8B21/06
G06K9,/00

TECHNICAL FIELDS
SEARCHED (IPC)

1,2,8-10

GO8B
GO6K
A61B

Place of search Date of completion of the search

Munich 20 July 2021

Examiner

Russo, Michela

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document document

CATEGORY OF CITED DOCUMENTS

T : theory or principle underlying the invention

E : earlier patent document, but published on, or

after the filing date
D : document cited in the application
L : document cited for other reasons

& : member of the same patent family, corresponding

1"




EP 3 886 069 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 21 15 6287

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

20-07-2021
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2018319279 Al 08-11-2018 DE 112016006426 T5 31-10-2018
JP 6230764 Bl 15-11-2017
JP W02017158758 Al 29-03-2018
US 2018319279 Al 08-11-2018
WO 2017158758 Al 21-09-2017
WO 2018146266 Al 16-08-2018 CN 110268451 A 20-09-2019
EP 3580734 Al 18-12-2019
JP 2020512616 A 23-04-2020
US 2019357834 Al 28-11-2019
WO 2018146266 Al 16-08-2018
US 9988055 Bl 05-06-2018  US 9988055 Bl 05-06-2018
Us 10160457 Bl 25-12-2018
US 2010219955 Al 02-09-2010  JP 5443210 B2 19-03-2014
JP 2010201172 A 16-09-2010
US 2010219955 Al 02-09-2010
US 2020086891 Al 19-03-2020 KR 20190107290 A 19-09-2019
US 2020086891 Al 19-03-2020

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

12




	bibliography
	abstract
	description
	claims
	drawings
	search report

